Unilateral renal disease in man has been widely accepted as a primary cause of arterial hypertension. The assumption is made that there has been obstruction to the blood flow in the diseased kidney and that the resulting ischemic renal tissue is directly responsible for the abnormal elevation of the blood pressure. If such were the case, it seemed to us that it could be demonstrated by the examination of the separate kidneys, and this report concerns the application of the clearance methods to this problem. On the question of complete collection, we find that if a Number 8 French, flute-tipped, radioopaque, silk catheter with six eyes is passed only 12 cm. up the ureter, i.e., into the portion of the ureter having the narrowest lumen, extra-catheter flow is usually avoided. The occurrence and extent of leakage around the catheter can be detected by addition of phenol red to the infusion fluid, and by inserting a third catheter in the bladder; the bladder can thus be rinsed at intervals, when leakage will be revealed by the appearance of dye in the bladder urine. Where it is possible to identify the side on which leakage 1 Aided by a grant from the Commonwealth Fund. 2 Accurate determination of the rate of urine flow might not be obtainable from a large hydronephrotic kidney, and the clearance method could be employed accurately only if the plasma concentration of diodrast and inulin were kept constant, and if no urine accumulated in the dilated pelvis.
Unilateral renal disease in man has been widely accepted as a primary cause of arterial hypertension. The assumption is made that there has been obstruction to the blood flow in the diseased kidney and that the resulting ischemic renal tissue is directly responsible for the abnormal elevation of the blood pressure. If such were the case, it seemed to us that it could be demonstrated by the examination of the separate kidneys, and this report concerns the application of the clearance methods to this problem. 1 . Application of the clearance method to unilateral studies The possible difficulties 2 which present themselves when applying the clearance technique to unilateral measurements lie in the failure to obtain a total collection of urine by means of ureteral catheters, and the excitation of reflex renal vasoconstriction by trauma to the bladder and ureters or physical and mental discomfort associated with prolonged catheterization.
On the question of complete collection, we find that if a Number 8 French, flute-tipped, radioopaque, silk catheter with six eyes is passed only 12 cm. up the ureter, i.e., into the portion of the ureter having the narrowest lumen, extra-catheter flow is usually avoided. The occurrence and extent of leakage around the catheter can be detected by addition of phenol red to the infusion fluid, and by inserting a third catheter in the bladder; the bladder can thus be rinsed at intervals, when leakage will be revealed by the appearance of dye in the bladder urine. Where it is possible to identify the side on which leakage 1 Aided by a grant from the Commonwealth Fund. 2 Accurate determination of the rate of urine flow might not be obtainable from a large hydronephrotic kidney, and the clearance method could be employed accurately only if the plasma concentration of diodrast and inulin were kept constant, and if no urine accumulated in the dilated pelvis.
occurs, analysis of bladder urine may be used to correct the data on the appropriate kidney.
With regard to reflex vasoconstriction, we believe that it occurred once in the forty-five subjects whom we have examined. In this instance it was concluded that there was vasoconstriction of the afferent glomerular arterioles, manifesting itself by a marked decrease in renal blood flow, filtration rate (constant filtration fraction) and urine volume; the spasm lasted for about twenty minutes with a gradual return to normal function at the end of one hour. Otherwise, the values observed by us in unilateral studies are comparable to those obtained in bilateral studies. Again, in ten patients who had both unilateral and bilateral tests, satisfactory agreement was found in all the values obtained by both methods.
Selection of subjects
Patients with hypertension were selected at random from the Nephritis and Hypertension Clinic of the New York University College Clinic and from the wards of the Third (New York University) Medical Division of Bellevue Hospital. There were seventeen female and four male subjects. These subjects were considered to have essential hypertension and were representative of the entire clinic population with this diagnosis. No attempt was made to choose or exclude those patients who gave evidence of urinary tract disease. It is important to note that in this random selection no instance of advanced destructive unilateral renal disease was encountered.
In addition to the twenty-one subjects here reported, hypertensive patients who had undergone splanchnicectomy, renal-omentopexy and nephropexy were also studied by the same technique and will be reported elsewhere.
Observations were also made on five normal individuals for the purpose of establishing the technique of the procedure. These normal subjects were convalescent, volunteer ward patients, in whom no evidence suggestive of renal or hypertensive disease was obtained.
Procedure
To reduce the urine flow and prevent leakage, the patients were taken off fluids for a sixteen-hour interval preceding the period of observation. They were examined 655 without breakfast, the examination being made with the bladder. An infusion of phenol red, diodrast and inulin patient in the supine position. One-half hour before was given throughout the period of observation. Followcystoscopy the majority of the patients received 0.20 gram ing the discard period, either three urine collection periods of pentobarbital by mouth. It is believed that this seda-or a single long urine collection period of about twenty-five tion did not affect the measurements since repetition of minutes were taken and the rate of glomerular filtration the test without sedation in the same patient yielded com-and effective renal blood flow measurements were made in parable data. Following routine cystoscopic examination, this time interval. In those patients in whom the measNumber 8 ureteral catheters were inserted about 12 cm. urement of the tubular excretory mass was to be made, up the ureters. In those instances where we failed to a second series or a single urine collection period was taken introduce a Number 8 F., Number 7 F. or Number 6 F. after a twenty-minute discard period. For detailed data catheters were used. The cystoscope was then removed, concerning the preparation of the infusion fluid, the chemiexcept in occasional instances when it was allowed to cal analytical methods, etc., the reader is referred to remain in position during the period of observation. previous papers (1, 2) . A multi-eyed urethral catheter was then inserted into the Immediately following the clearance studies, retrograde pyelograms were made, the results of which will be reported at another time. Blood pressure and body temperature were also determined at the time of examination. In ten instances out of forty-five a reaction followed catheterization, consisting of fever, costovertebral pain, hematuria and dysuria. These symptoms persisted for about twenty-four hours.
4. Filtration rate, effective blood flow and tubular excretory mass The data obtained on five normal subjects studied with the unilateral clearance technique are given in Table I . The combined right and left renal blood flow, filtration rate and diodrast Tm (TmD) measurements obtained in this group agree satisfactorily with those obtained in thirtyfive normal subjects observed using the bilateral technique (2) . Function is fairly equally divided between the two kidneys.
The data obtained on twenty-one patients with hypertension are given in Table I . TmD was measured in only fifteen subjects, and the data on the remaining six patients have not been The combined right and left filtration rate, renal blood flow and tubular excretory mass in the fifteen hypertensive subjects have been included in a previous paper (3) and, so far as general renal function is concerned, need not be discussed here.
In Figure 1 the diodrast clearance (CD) in fifteen hypertensive patients (each point representing the datum obtained in one kidney) is plotted against diodrast Tm (TmD). The values for either kidney are joined by a broken line. It will be noted that in every instance in the thirty kidneys of the fifteen hypertensive subjects, both CD and TmD are less than one-half the mean normal value (2) . In no instance, it will be noted, is there a significant difference in CD in the separate kidneys of the same subject.
The reduction in TmD which characterizes hypertensive disease has been interpreted as indicating impairment of tubular function (3) .
Using the more significant ratio, CDITmD, with respect to CD, TmD and CIN!TmD. In the six hypertensive subjects in whom only CIN and CD were measured, the two kidneys shared equally in a marked decrease in CD and a more moderate decrease in CIN, CIN/CD being invariably above the mean normal value. Although one cannot interpret the data in these six subjects with the same confidence as in the group in which TmD was measured, the fact that CD and CIN were reduced equally in the two kidneys indicates that in these subjects also unilateral renal ischemia is not present.
CONCLUSION
The clearance method has been applied to the measurement of the renal blood flow, the filtra-tion rate and the tubular excretory mass in the separate kidneys of patients with essential hypertension. The results of these observations indicate that the destruction of tubular tissue progresses equally on the two sides in hypertensive disease and that the functional disturbance in respect to blood flow and filtration rate is shared equally by the two kidneys.
In no instance in the twenty-one hypertensive subjects picked at random is there any indication of a unilateral ischemic kidney. If it is predicated that renal ischemia is the primary causal factor in all essential hypertension, it would be expected that unilateral impairment of renal function would be observed more frequently than bilateral impairment. The absence of unilateral impairment in these subjects argues against the above premise.
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